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(57) Abstract: 

PURPOSE: Provided is a lithium-sulfur battery 
showing a fast electrochemical reaction and having 
excellent discharge property, which contains an 
electrolyte containing a lithium salt, a weak polar 
solvent, and a strong polar solvent. 

CONSTITUTION: The lithium-sulfur battery 
comprises: a cathode containing lithium metal or 
lithium alloy as a cathode active material; an anode 
containing an anode active material and an 
electrically conductive material and additionally a 




first additive such as an inorganic compound, an organic compound, and an electroactive substance or a 
second additive such as transition metal, IIIA and IVA group metal, and etc., wherein the anode active 
material contains at least one sulfur material selected from the group consisting of sulfur atom, Li2Sn 
(n>="1),° an organic sulfur compound, and a carbon-sulfur polymer; the electrolyte containing the 
lithium salt such as lithium trifluoromethanesulfonimide, the weak polar solvent such as xylene and 
tetrahydrofuran, and the strong polar solvent such as hexamethyl phosphoric triamide. When the lithium- 
sulfur battery is reduced, a first reduction peak of a cyclic voltammetry is shown at 2.4-2.0V at a scan 
speed of less than 0.1mV/s. 
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£ HUE »§1 S0|b £18-8 2XI0II 22SA1, 01 £18-8 SXIb dig Efe £18 t}32| gs> 8118 

SSHtfc 83, 8 8±, Li 2 S„(n Ji1). S3I8 88S 8 1£ID1£ 01^015! SOI/H £§!ab §m 01821 8 3111 lis £ 

SSJte gf^ 811 SI ESS 111 58^fe 8f^ SI £1^931 ^8 ^S §DH Si 88 gOH2| SPI gOHl S88 

fc 88198 SB8CK 831 £18-8 EX\S 88 A|, 0.1 mV/s 0I88 ^EWIAI Af0ll&! Ma0)l = £|2j S BBH 88 IU33I 2.4 
-2.0 V agfOIIAI U&yCI. 83l SSHIS 0H 888. AF0IS8 888. N, 0 SJ S3^ S8S MEISA|0IB6| 888. RiOR 2 (R, 8 
R 2 fe 88). HIS8 ^Mmoie. #4=?f 15eci gOH. 8 84:8 15HAI8 * 2ife 8I8S»S gDHS 01^015! ^ 
Elfc 88 ^8 SDH 21 R, (C0)„R 2 . R,(C0)„R 2 

0R 3 , R, (C0 2 ) n R 2 . Ri (C0 2 

) n Rz 0R 3 . Ri (CH 2 CH 2 0)„ R 2 (n S 1 . R, , R 2 

. Rab 88, OH, 88. 83II8. 8^A|3|)2| 312 §DH. A^ll^j 3>ei||0|e, 84'3^ 15SQ g SOU, £18 g£| 

880IEU £18 8801=8 S8HAI8 4= Sib HI88X1S gOHS 0l¥0)5! 50IIA1 ^ejSb 88 ^8 §DHfi S88C1. 
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El 

£is»sui,sata.itffa3i»8}e!g 

S Ail A) 

EB2| BBB £3 

E IS S Bg2| BIS-B 3XISI A(OIBq SPE3i!(cyclic voltammogram)S PPfcH Has. 

BS°1 BBB 
BS°| 

bsoi *Bb ?is si □ aeotsi saois 
[bbb ois son 

s bss bib-s axioii a& sesah, gib Buaab be s^isb bss soib bib-b axioii bb aoip. 

[BED ?IB] 

BIS-S 3Xlb B-B 1 ©(Sulfur-Sulfur combination)^ PIXIb B 3111 BBSS B^? SS§£ AISB3, BIB3I BS B3IBI 3^ 
Eb BIB OIS SJ» as 3^ 01 SSI BS 3! B^BOI UOIPb B±H 111 B^? BBSS AIMBb 01 » SJIBAI. BS BSAI 
(tfBAI) S-S SBOI SOIXISAi SSI BB«$0> B£B2. BS BSAKSBAI) S3 a»=SO| S^BBAi S-S SBOI PA| §a£1b 
BB-BB BBS 0I8BO1 a?l3 Oil Li XI B XiB SI SSttQ. 

B?l SIB-S ailOIIA) aSH^E^b BBIBBOIES BBS 4 Sib 5 SIS AISBP. 

OR ~5| HI 6,030.720 S(PolyPlus Battery Af) Oil b EIB-B 3XI§ SWSI2S R, (CH 2 CH 2 0) n R 2 (nS 2 LIU 10012, R, 

SI R 2 b BU Eb BBAPI0IP)2| BBBS ^BOHS, ^l-^tdonor number)?! 15 0I&2! §0HS B80HS BBBfe BB SDPI 
PIB9CH SIP. EB, 3BS CHI Ell = , 3DBE(cryptand), ED § OH (donor solvent) B 301E BUB 215! BOHS SBBb 2!jB a 
6H2!!0I 3IB901 SIP. OI8B-). S3I BIB-S aXIS BBB B. 2:DI3E£ 3HBB|0!S(catholytePI £lb aSH^OI PIBSIOI ftp. 

&S0I OIB2B Bb SB 
b ^S2| =*!S HE S3IBB u Jii SOIb BIB-S 2X11 SISBb 3! 01 P. 

S BS2I PE ^3S §a ^SOI ?+B BIS-S 3XIB BSBfe 2J0IP. 
B92I =?& Si *rS 

BPIB BBB2I BBOI. B B9S BIS B^ Eb BIB BBSI g^ BBSS SBBb B^: B Bib, Li 2 S„(n £1). S5IB 
BBS Si B£-S SBICHS Ol^OfS 20IIAH d@!3fe BP 0IB2J S a 8 SIB SSBb 83 BBS Si S^l^jEB EBS SS 
B SSBb 83; Si BIB 9 31 efB 3B BOH Si BB 3B BOHSI *3| gOHB SSBb a SUSS SSBb BB S3MSB BBS H 
Olb BIB-S axiB BSBP. 

071 BBSS OH BBS, MOIM^ BBS, N, 0 Si S7| BBS 511 Ell £AI Oil §4 BBS, R,OR 2 (Ri Si R 2 b BB), blBB 3ISHI 
OIM, #2 ^4»5I 15SP BOH Si tJRB SOUS OI^CHS 20IIAH B^SIb SfB B0H& R,(CO) n R 2 

. Ri (CO) n R 2 OR 3 , Ri (C0 2 )„ R 
2. R, (C0 2 )nR 2 OR 3 , Ri (CH 

2 CH 2 0) n R 2 (n SI. R, , R 2 . R 3 b BB. OH!, BH, B3liy. BBU. BBAPDB ?5I PIS BOH, MOIB^j 9fam0IB. °S B4?l 
15SP B §0H£ OIPOIS 20IIAH a§iafe BB SOUS SBBP. 

B3I BIB-S 3X11 yaA|3IS, gf^Ofl AH SBI^IIhOI E(S n -' . Sn' 2 . 015IAH n S2)P SB0IE(S- 2 W 48^301 aSH^OII 18HS 
^EH£ SBBP. BXIB 01 SB feE^I aSHlOII CHS BBSS BBS 3? SB BBOI gOltf 4 SIP. B^ BBS 

§SJ BU2J B S!±2| aoHSOII CDS §5HEb 0.5 mM 01 ^ 01 BBBB2, feS BB2| a XI »I5S 9l5HA1b SB|^H|0|E(S n -' , S 
„' z , OPIAt n ^ 2)2| # ai(atomic sulfur) feEb 5jOIE 2 M 0IB0I BBBBP. 

BIS-B axil &S!(Ba)AI3ia 5! SB BsAI 0.1 mV/s2| ±E ^EOIIAI A|0|g^! MPOII^BKcyclic voltammetry)2| 5! 21 
M BB HI3PI 2.4-2.0 V SBOIAI UPU2, ¥ fflB BB HI3b 2.2-1 .7 V aBOIIAH UPPCH, S BB HI3b 1.8 V SB 01 SB 

ah upyp. 
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b?i sjbs ¥31 bbs. bbs s ssioiya. ssieisb, bsibs, ssimueo si oisa behs oi^oia eoiiai a^a 
b a:?iBg saws oi¥oia soiiai a^sb b 1 awaiB ch§i ebb 4= e mo. ib bsisiiioieu sa b:>ibb bsb 

*2A|3PI flWOl SOI 94. IIIAB 9*. IVA^ 94, OlSa S BBS Si OIS2I B92S 01^0)5! 20IIAH a§!Slb SI 2 S?tB 
1 CH^ EBB 4= E SiCI. 

oisi s bss chb ba)isi;>ii bbbck 

S BSB BE BBSS BS(redox reaction)! HOIb SIS-8 3X1011 BB 3J0IP. SIB-B axib SB BSAI(BSAI) S-S SB 
01 S0IXI3AI S2| 3B4PI B±3H2, BB BBAKSSaI) S£| aB4P| S31BH/H S-S 2B0I QA| SBSIb 3B-SB gig* 

oisboi b^ib oiiuxib aasib axioms, bbsb Bfgoi bb?i Boms, axia bbs bbaib ^ aa. bb. sis 
-s ana s eases ¥2tan sib ga ^b:n in bbaib 4* am. 

s sfgoiiAib sis-s axia aasa bbs BaAppi ?i5H cisa boi a^i aipixi b^s Aigsisich an, gsignioiEa 
a^iasf gfgg *aAi3ib awii oissfb bsoici. sn. s, bis gnfoiE, sis ssibboieb § gsiiAPib asmis 01 
sbck sb ai^fl snom, umxib oibb bbsopi me oi asiiaa ?a go„£ bb bb hibbxjb goHa as bb m 

BBXIB gOHa SB gOHS AtSBB. KIWI, giBB E3 ^interconnected electric matrix)B ?rB BBS BSC*. Oil ¥l8HAHb 

asHaoii s 4x1 atb uieiaa Aigoi eqpacf. 

BBB All 3|X| BBS S CH X>B8I 3IBBE!. HB B3IBB tygft ^SAIS 4= Sib 40HS «ffl. BBSS BigAI SSiiK BB(c 

ompiex)s sbboi aaii bbbaib ^afeni spijiis ajsbpiu §an. B2sa aw ass bba^wu Eb ssigni 

OIEB SBSSS etiolOI 13I3ES S2ISB BBS B = 3)l ofb M 2 SPrWB AfSBO. M 1 8^«Sfe M£|^nfOIE2f 
sfl! yi^U 18^ SfSfeietHomogeneous chemical reaction)OI ?1M@(coupled) aPIBB ^81 B 4 s Sib ¥31 Eb £21 
BBS, BSIOtUS!, BBIEIEB!, BSIfflS. BSIffliya! Eb Olia SEJII2! S7|a| SBIOj II ^0H£ AI-SB 4- SIP. EB, 
SI 2 SPHSte 301 3^, IIIAB 3^. IVA^ 3^, OIBa B BBS Si OlSa BS g BU Ol^a S3I»IS CH^ 5BB 4= SlCf. 
&:>l a 01 g^EMb Sc. Ti. V, Cr, Mn, Fe, Co.Ni, Cu, Zn, Y. Zr, Nb, Mo, Tc, Ru. Rh, Pd, Ag. Cd. Ta. W, Re, Os. Ir, Pt, Au, Hg 

101 B^l HIAB S^ESb AI, Ga, In, TI B0| SBBI2 B^l IVA^ 3^°§b Si. Qe, Sn, Pb 101 SBSCt. 

eiS-B 2 XI Oil A| a6Hlb XIXI a 6HS (supporting electrolyte) 21 eiSSS &J\ SOHB SBBD. 01 §0Hb B S!^(S 8 )a 1 
aiBBOIEfSn'' 

, Sn" 2 , 0131 AI n S2)l B 88HB0I0I 8m, SIS S=!3fb £!B^O| SOIOt BCf. 0IBB2S BaSI aBS &EH(fully oxidized sta 
te)2! S S!±b URB 1B0IHS HRB gOHU BB §0H0ll ^bP. B Bia BS aSBei gSI^II^O|E(Sn• , , S„' 2 , 01 
7\Mn 22)U gD|0IE(S' 2 

)a B BB4»b 0 SCI 32 -2 BD[0|IDI, #B4=b (351^/ S AIB B 01 (sulfur chain length)^ SaSCf]. Ba BB4»^ 0 
Oil MSI^EIOIEb 2fS gOHOIIE MSHaSISt OIIBBXIB S3 aS40r -1 Ol^a SSI^EIOIES SBAOPI ?loHAIb 

BEAI BB SOPI 2?@Ch OfStAI aS aB4= S¥ia geiSBOIEB §8HAI?PI 9|5HAIb 3lb5j°£ afff =}g§0Ha B 
B ^BSOHl SBBb BBS OH B a6H2!|E^ ArSBh 330I e?@Cf. 8IB3SS SSIgDIOlEa S8HE3I ^14^ 3Xia 
g^S 3Cf. SIS-B aXPI is 8 §^21 §g 49s ^XPI ?|6HAIb S3 SOII SSI 4» Sib Sa^EHa SSI^HIOIElSn" 1 . Sn 



, OPIAH n S2)U SB0IE(S- 2 PI A) CHI S3IBB BSWI SWB 4= SiEB Bfc BBB S^l aSHsija a^iOl i-^BOIO. B8I 
SaAl BB BB B80I SOW B3f2j££ ^b SBOIIAI BBOI 0l¥O)Xlb aSH^OI 29SD. 

S BSOBAHb 01 a B aSHia SOHS BB ^S gDH(weak polar solvenDB BS gOHtstrong polar solvent)a SB §0HB AI 
SSO. BB §0H£b om BBS. AJOIBB BBS 31- N. 0 Si S2| 5»S BaBAWISB BBS. R,OR E (R, Si R 2 b BBOI 
Ot, AlOISSj Oil EIS Eb dISS OIIEIIB SEHS). HISS 01 B(acyclic carbonate), ^a B4^(dielectric constant)^! iseci B 
S §0H, B S±(elemental sulfur)B SSHAIB 4 Sib dlBSBS §DH(aprotic solvent) B SBBB. BB gONa ^BBB Oil 
Sb XI g SI (xylene), aBBB. EOSBBOIESBB. PDIIBAIOIIB. 2-nBEIBBBOIESffB. 2,5-C|0IIIEII£a8IOIE£SB. CI 

oil 3iauioie. anv 3iauiois, g=e« gs s 4» sia. bb soHSb R,(co)nR 2 , r, (co) n R 2 

OR 3 . Ri (C0 2 ) n R 2 , Ri (C0 2 

)n R 2 OR 3 . Ri (CH 2 CH 2 0) n R 2 (n S 1 , R, , R 2 

. R 3 b BgJ, Oil, BS, B3liy, BBAPD3 ^Sl 313 gOHU AI0IS&! BaUIOIS, °g ^4=31 15MP E gOH. SIB BSISBOI 
ELI SIS BBOIEI gBAIil 4= Sib dIBBXia gOHB SBBCJ. Bfi BB OIBBXia SOHSb OIB BBS. AlOlfiaj BBS 
B N, 0 « S3! SBS 5IIEIISAI0ISS! BBS, Ri OR 2 (Ri 3i R 2 b BBOI 01. AIOIS^! 01101= Eb dISS 01191 = ), dISS 3ISUI0I 
S. S3 B43I 152CI BS BOH. HIBB SOHB 5BBCI. BB BB gQHSb R, (CO) n R 2 , Ri (CO) n R 2 OR 

3 . Ri (C0 2 ) n R 2 . Ri (C0 2 ) 

n R 2 OR 3 , Ri (CH 2 CH 2 0) n R 2 

(n 21. Ri. R t B R 3 b BB. OIB, BB. B3liy. B3IB, BBAPDa ^SB 3ia SOHU AIOIS&I ?iaUI0IS. S3 B4PI 15£CI 
g SOHS ArSBO. ggOHS 
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¥0I± g?| 3B1 Sfb gOPI AlgSP. SB 3a gOHP ^jflSSjg, CfflSb SIAKHIi! 5±5&! §EI 
OIOIOIE(hexamethyl phosphoric triamide), y-¥P£^E. PAHELI^g, rj||gg! paUIOIS, ESga! P£L||0IE. N-OHgPSPb 

. 3-aiB-2-^Msais. pons sgppoiE. ass, a una otJusototoiE, a oil a b^aioie sa i + sip. 

EB. SgOHS g?| s(tfg 61b gOHfi P§? A|gg 4 SIP. ggDHB ¥0|>; g^|2| ?S|5|e! OllSb a!A|0|ll2±S«N OI 

OIOIE, HI SIS. N.N-POIIBOIAIIMPPOIE. N.N-P0lllSgOIPO|E. POIIgg^AIOlE, g|epD||g¥aiO|. N,N-PO|IBOIAIIEOIP 
OIE, N,N-C|Olli£gOrDK>|E. = P¥SS±II||OIM. SPOUg5±IHIO|E N.N.N'.N'-aiMPOHBBSOMOIE. aiEpD||ga!POI2! 
BIMPOHBHSfigDPOIB Eb B!EH)||iPO||gaie£|Oie!l §4>2t». 

aP XI XI S8«gei pggESb pg EPS¥2£ll&aS0IPE(lithiurn trifluoromethansulfonimide). pg MP gai 01 E (lithium 
triflate), £11 P IE ai 01 = (lithium perclorate). LIPF 6 Eb LiBF 4 II AISBP. 

<*»«S BSB ^aAlPP B» All gjlll aSB B3B EaaOnterconnected electric matrix)g EaXHP BSJdOIAI BS(aa)A| 

ax>p g2« goii ^oisib aom gpanioiEs. aasi:HP asnaajAi axii samp sais aoiaoi spibb bsoi a 
wufe 2oi3i 01 soil on¥ §2pp. on 91 a Aib. a^ ^ppb sissibQi Ai§ab pbpp asH^oH miff §saoi saaa 
^pe gods^u ^aa(sweiiino)oi a^spi appAHb asp. aa^p Eaai pa a^ ast axip 4-s^e bsb a 
aip sip-. 01 a a *aa b^aib * sib biapsb sp(uiy oiaaioi=), gppy as. bpnbb ^aioie, gppy nia 
bis, aaaioiEiE aaioiiaey ^aioie, ?maaa aaoiiaa gAioiE, aeiuiy mas, aeidna oupaaaioiB). gppyp 

a g¥2P0IE, B2l«IAfa*2SHaBa3r g£ldiy£l@!g¥2P0IEP agPOUaSS: Kynar). g£l(OI|g PagaiOlE), g£| 

aiEpg¥2soiige!. gppysspoiE. spoiaasusa, gaiuiyniaia, asi^aa. 01521 sexii, msie, ag£ip § 
01 A|gl 4= hp. 

s aasi aia-a axioiiAi a^sst a ?as nei a a±, u 2 s n (n s 1). s?ia a»s(oroanosuifur compound) Eb gi- 

a SdlCHKCaSJn. OPIM/d x=2.5-50. n £ 2] PP OiaB A|gB 4* E SIP. aP 83S SB ¥P BBB. £P BBB SI SP 

pya, bzieisb. bbiiiib. bbiioub a oiag besib oi¥Pa 5oiiah aaisib apaa gaiois oi¥cxa svwm a§ia 
b a 1 a?tnfi p^ saa 4» e sip. Eb bbibvoieu asi a:>iss* yga *aAi?ib aoi s^. iiiab. iva^ 3^, 01 

121 a BBS » 01121 S SIP 0I&2| ^ 2 SPIflll P^ 5ea 4= E SIP. aoi g^2Sb Sc. U V. Cr. Mn. Fe. c 

0. Ni. Cu. Zn. Y, Zr. Nb. Mo. Tc, Ru, Rh, Pd, Aq, Cd, Ta. W, Re. Os. Ir, Pt, Au. Hg SOI SBSU. HJ\ IIIA^ 3^2£b Al. Ga. I 
n. Tl gOI SBEI2 gJ\ IVA^ S^2^b Si, Ge. Sn, Pb SOI SBSP. 

b ^ssi a^s a mmm, Eb aai^Es m 1 Eb a 2 a?tast aa a^ lhoiiai sxpi aasiPii oissis^ §1^1 «a 
S3i ses Eaas p^ saaa. Eamsb bb assixi sf2u, 3is(oii: ass: ^h-p). ?ie s^ia ^g asa 1 

1 Eb S£|0|y§!, §£IP2e!, MPOIAH10!. §PDIS3f &g aEa a^XIM Eb SBB01 AtSB 4» MP. 

Eft. a^ asaa asaoii § ¥BAia 4= sib u r apa chb aaa 4= 21201. a bieipsb aei(biy oiAnaoia), a£iuiy 
as. BBionaa ^aioie, bbiuiu nisag. aaaioiaE asiooaa ^aioie. ^laaaa bbioobb ^aioie. S£ibiy onai 
s. bbknb onaaaaioiE), asibiyaia 1¥2poie, i£isiAi§¥2£HSBg!!jii S£ibiyp@!S¥2poiE2i agppta 

gg: Kynar). gp(OIIB 0|3BaiO|g), BBIEII£SfBBSSOflaa, BSIblUBSBOIE. §£IOI3BSUSg. BSIblUBSia. g£l 

^pei, oisej «Ea. aeiE. ag£ip soi Aigi 4= sip. 

8 a§2| a^l »I3E8PI flSHAHb BH. ^£H£lg 155131 BB SOH CHI bieiPl goHAIgJ PS. EaXKB tttf AIHO. ^£i£ll 

»i56i3i bb goHsb a-aaa. bieip a Eaaa aasi^ii saAia 4- msw. a?ii saab %■ Aigoig 201 biasisiw, 
oia5j2Sb oiAnsuMg, naa. mb«. aiEPoioiEsser. a. oi^Hsiai §s Aigg 4- sip. pses a-aasei 

a 34:. Li 2 S„(n21). S3I-B BBS. B^-B g£IP SOB AH 6IP Oiai a§!o|01 Eb aej^EM M 1 Eb fll 2 a^lHISI BH. 

a?i Eaxn^i mas aaaoii pai ^gsiPii b^aib a^ aaiaia «isbo. aaaioii aasb goH. a-ass Eb <y^^e 

S HI 1 Eb M 2 S3IJII2I £g g B 9 Oil SIPAH ^lol g2B 21 Oil 3|X|X| StECH, BXI g£i£|2| 3gO| gOISIE^ SJBB 9 
El 3rXia g^SIP. 

oi si aoi Hiss sP£ii ssaioi essih. as a^sip a^ ^ea aaa ? on axi saoi aisbp. ^ppb 6PP21 
se a aaeiaxi sib a^ ^B2i ^jhioii pp bbb «?jis ssboii aasia ggsia, a?i aasisb ^si masixi sep 
^ pi ei bii ^ ±m. a¥oife, ?£i, pps s°i saa aaa A^gs^b 201 passim. ?is-3a@ a^ois aaxna aisbb 
aB.»BBBa. a^^i aaa ai pibb Aigsib aoi b^pi aaaxi ag son oish aaaoii aa bbboi ?4sia, n 

SOI W20I. BBOIBB BBIBBOIEOfl 21 B ¥A'B gJXIB 4- Sib SSOI SIP. 

8 aaa pg-a axib s^es bib ^ Eb £is/a¥ois egiif ag pb as a^a aisbp. eb. ps-b ana a 
aasib 33011A1. a^ aiiE Aigpb aoi biaa a§s eaaoi. pg s^ aeoii 4= sip. 0121 aoi biaa a(ma 

ctive sulfur)g gOI OtP D\X\ E^m^m Eb SW*l Bit ?\% a^2| a^lffla* BSOII POia SOIB 4- Sib a EH 2) gg Bol 

01, PS S^ HBOll aaa biaa Be £|g S^P esa|(protective layer)2S/H ^aa Pb aSE SIP. ppai, pg 
oi pg boii aas biaa a. osb sp ps apoiEi s^es aisb 4» e sip. 

pb-b a xi oil ai. a^i 3 bp ?issb aoiieijp asaa b^oi siees oh¥ e2pp. pise^i ^¥£|es aa 

01 ap^oii dp pg gpanioiEP gs?i db¥ isoixi aaoi u? btii sasoii pp ap oigaoi bps ^i^aoi on? fea 
. ?ise?i P¥ £2e asiaE^i yoin feg ggp axia ni£B?i aap. pb^ib a^ ^bp ?isEb aai a^ ^b ¥hi 
p 1 % oia. chb pasisMib 5 % oia, ^ia pasisi^ib 5 lhxi 30 %oip. 
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?«2| S ag£| £IS-g axia S^ISWq AtOim BEI01I££| (cyclic voltammetry) 18HAIE 3§aaci 

.AhOliS! gEK«|e£|fe g xil OCV(open circuit voltage) Oil A) 1.5 UX| 1.8VWXI L|| 21 El "(negative) SUES agg £2!!g 
1.5 IHXI 1.8V0IIAH 2.4 LH XI 3.0 VW XI 5X1 El 2 (positive) SSES agg ±2!g Q§. DfAl 2.4 IHXI 3.0 VOIIAI X1B OCVWXI U|' 
PIEIS gfg°£ S&* ±236101 SSffCK OlflJ. AfOllBj ME1E3gS(cyclic voltammogram)£ 2 V/S-0.0001 mV/S AfOISI Q 
8B ±O^E0IIAH g?ach 

aa sa mas 4ge» §3i, s gga £i8-g axib a gaAi(ga) 0.1 mv/s oisia ^eouai aioii&i b ehmssisi » 
ga niB^i 2.4~2.o v agon/d ueiudi, ? ami ga mab 2.2-1.7 v a eroii ah ueiu^, 5! aa mab 1.8 van oi&oiiai 
UEiyci. 

s gga £is-g axil sfaAi^ia. 35011*1 S£isnioiE(s n -' . s„- 2 , opi/H n 22)u giuoiE(s- 2 v\ asaoi aSH^CHI s 

8HS gXHBCh 81XIB 3¥3°£ 0IB2I fr£3* aSHHOII Q|g S8JEB *3Hf 39 Sa§!&0| gOlkf 4= ad. £11 

-s a » 21 gR sins g a±. u 2 s n (n ai). hj\ g ass ai e^-g ssioi t ohah sm oi&a g Tim mms. aoian. oi 

1 fflgg a XI LDOIIAI Eb aSHSOII S8HS gXHBO. 01 01. 8R SilS g a±t A|S6fe 39011b a5H§(HI 5 

mM 0I& gSHEIffl. g a±(atomic sulfur) feEl ^§81B, [S]b 2 M 0I&0IC1. &D\ g 34: feE [S]B. gOI S 6 2 ~ 2j gEHsc g 
XHSIb 31 2¥ SSI feES aitfff &e »»Q. OIIS SOI ggloia. 1 M S 6 2 " 2| g a± £E [S]b 6 MOI SCI. 

0151 S 8fS2| b!B*!ff 6IAI0III PIXHSCf. HSU 3P|g 6IA|0||fe g US 3 WS^ff 81 tf AIOII gS? £ V90I 8PIS AIAIOKHI 

eaafc oma. 

(BAKU 1) 

g S± 60 Sif%21 EaXHS ^ffl-P 20 s&% a bhSlCHS §ai(biy oMflBiois) 20 g§f%fl OWSLISi SDHOIIAI SSCfOI £1 

s-g axis gR s& Baai xiissiaci. 01 s£i£iH sasi ai aw aaxnoii assm. 6£i£i 3§a aw a 

mm i2Aiy 01^ as sioiiai assioi gf^es xiisofaci. gf^ea as a^sa AnnaoiEiv sss af^s s^m. gf^e 

91 Oil 1 M LiS03CF3P^ S5«@ C|^#B(DOL). CI (H4AI0IEHDME), C|g£1gJ(DG) H S5B(SL)(5 : 2 : 2 : 1 ¥Hlb|) SB a5Ne!!a 

ioiesci. aii men oi ei a gf^e 91 op fen. acH^i ch osiaci. □ mm i^es sib a^e an, 01 

SilSraCK 

axil OCVOIIAI 1.5 VWXI LiPl El ^(negative) SSES aSl ^a§h 1.5 VOIIAI 2.8 V^IXI SX| El ^(positive) 
331 i2SB CIs, C1AI 2.8 VOIIAI xHs OCVJIXI UI3IEIS »»2S SSS ^aofaa. 01 CH . ±m ^Efe 0.05 mV/££ SiaQ: 

61^1 ^Aldl 121 AlOllsN lE1EHg(cyclic voltammogram)! E 1011 UEimaCL E 1 0il Ai , afe Ba III31 U&LHDI. bfe aa 

ciae uEjua. e 1011 uEiti! sa- aoi. aiaios 121 ais-g axife 3 ai ga nia^i af 2.3vanoiiAi. ? ei ga nia?i 
af i.gvaaoiAi uauoi, 5! a«H tfa hib^i a» 2.6 v agioiiAi u&yg sr 4= aci. 



s wasi £ig-g axib aaga as 01 vstii soiyoii toy axi2i 21 ^aoi s^taa, ^si £is-g axia s sxiias ¥ 
2ian afe ta ^ai s^ai^ 4 aci. 

(57) 891 

1. 

218 3^ Eb BIS ffSa Sail SSSIfc 

g Si, u 2 s„(n ii). s:ig sine s e^-g M£iDis oi^oia sobai asiab cm oi^a g 111 s&sib gf^ «g 
9 si s:>i3 °£ saa ess s&sib a^; as 

£|gS21 2fff ^3 §DH H SfB gOHa §0H1 fiSolb a5Hi 

m 5&sib wb a^iaaf yg g e0 ib ag-g axisAi, 

41^1 a5H§g otu asg. M011&! age. n. 0 ai sd\ ssa «iei£A(oiib! a&§. r,or 2 (r, at R 2 b ^^). aiss ?iam 
01s. #a ^4=^1- issci sfs §oh, g a^M sshaiij 4= afe bigfaxis sons oi^oia 2oiiai aejab 2»g soHa Ri( 

CO)r> R2 , R| (CO) n R 2 

OR 3 , R1 (C0 2 ) n R 2 , Ri (C0 2 

)n Rz OR 3 . R, (CH 2 CH 2 0)„ R 2 (n 2: 1 . R, , R 2 

, R 3 b va. on, gg. vnu. »3iu. g^Ai^na ;>ia soh, aioii^ Jiamois, sa #401 issci e son aj sis s 
£i^hioieu £is ^moiEg sshaiij 4 ab bigfaxia sons oiwoia 20HAH a^iab sohb sgsib 310101. 

&i3i eis-g axi» bsai. 1.0 mv/s oisia ±n ^eoiiai aioii&i MEioiiM£ia s gm sa ma^ 2.4-2.0 v agfoiiAi uei 
ub aei mie S3iaw eiga aoib £is-g axi. 



S?9 2. 
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m 1 soil floi/d, w\ gj=g sei, ass si saotue!. BeiEiasi, gBims, isimei si oigsi seas oiv 

01 S 2011 /H d@l£lfe S3|#« gBIDIS OI¥OIS! 3014 aajSIb JO 1 S?tH Eb SOI 94. IIIA, IVAS? 94, 011°) S S&g 

st oibsi oi^wa soiiAj asisib n 2 b^hb c-m sa^t 3aei we a:>ias yge aoife bis-s axi. 

S?8 3. 

SI 1 SOII StOIAI, S3| £3 ffSIS 2a Eb S6H21jO)l S8HS &EH2! 22! BBhH S2I3S S!§| eoib BIB-g BXI. 
S?8 4. 

H 1 SOII StOIAJ, EMME ¥0I± aoiU *OI£ §312! SS0H1 H4 SSofb 22! KB Sil SOIb BIS-S S 

XI. 

39S 5. 

fll 1 SOII SiOIAI, &D\ B|ggg BIS ££IM^2£Dlieg£OIO|E, BIS MBIgeilOlM, BJ8 UBSBIIOIe, L iPF 6 Si LiBF 4 £ 0I¥CH 

5! so\\M timzit 22! IIS a^ias ttSS aoib BIS-S axi. 

S?S6. 

a 1 son sioi/h. weicHfe bbnuiu oiaheuois). g£.iuiy gm, bsioibb ^ai-oie, saiuia nissis, grvaoiEiE bbi 
oibb «*afoi=. Jiiiss bbioibb ^aioie, saiuiy oieiib. gBKoiii netaBaois). gaibiyBie! s^ayoiE, sai*! 

AIM¥2£5SI!!!3f MBIbiy BI0!g¥2BiOIE°l SgBIOI, gB|(0||l OiagMOIS). 1BI EIISyg^2£0||i 9!, IBIbiyiSBf 
OIE, gBIOiaiSUMi!, gBlbiyHIBIE!, gBI^EIS!, 01121 OIBSI IrSiE SI OIB2I 3gBI(3H£ Ol^Oia 20IIAI fiajg 

b se.' bis a^iifs y§M eoib bis-s axi. 

S?8 7. 

SIS Eb BIS S32I S= If IIS SBSIfc S^: 

« B±. Li 2 S n (n 2M), #;>|g BBB Si 8B|D)((C 2 S X ) 

„: x=2.5~50, n S2)S OI^CHS 50IIA) asj£lb »U 0|&2| g a 8 BIB SSShb SBS, a?|S!E£ E3S IS Si S^l 
All 5SS|b gR ggg ^SI SSSIb 8R; Si 

BISgM SSoU!, SB! Q gf^OIIAI SB|gBO|E(S n -' . s„- z 
, OPIAI n £2)14 ^niOIEtS' 2 )1\ 2!3Slb a5Hi 

§ sssib urns a?ias ess eoib bis-s axisAi, 

£31 BIS-g axil BBAI. 0.1 mV/s 0|»2| ^EOIIAI AfO|g&! BEKHISBI°| ¥ 611 SS ttia^ 2.2-1 .7 V SttOIAI U& 
UH, 5! 4h» EI3fe 1.8-2.5 VOIIAI U&Ub 22! MIS S3ISW ehSB SOIfe BIS-S 3X|. 

S?S8. 

n 7 SOII SiOIAI, fePI gf^S ?3| SSfs. ff3| SfBS Si gBI0iy&! t SBIEI21, SBIHIS, SBIffllWS! SJ OIBSI ^EfllS 01^ 

cna 2 oil At fleigfe a^isa §biois oi^oia souai a^sb 1 1 a^si Eb aoi g^. hia, iva^ g^, oimsi s ass 
si oibsi sses oi^oia soiai a§iab si 2 a^aB sssfe 22! us a^ias yie aoib bis-s axi. 

s?s 9. 

a 8 son sioiai, gi\ asn§8 on ssb, a^oibbi ass, n, 0 » s^i sere eiaisAioii»i bbb, r,or 2 (r, sj R 2 b 8^ 
), uigg ?ieuioig. sa ^4=^1 i5ea soh, g s^s ssHAiii 4 sib mgfaxia sons oi^oia soiai dsiab 2, k s 

S0H2JR, (CO)„R 2 , R,(CO) 
„ R 2 0R 3 . R, (C0 2 ) n R 2 . Ri (C0 2 )„ R 2 0R 3 . Ri (CH 2 CH 

2 0)nR 2 (n SI.R1.R2, Rsb OH!, BB. S?liy. B3IU. B«?API)2| Dm §0H, AIOIM^J ^MHIOIS, 15 

SLQ e SOD Si BIS gBI^WOIEU BIS BI^OIEB 8BAIB 4= Sib blgfSXfS gOHS Ol¥0|5! SOflAI t!Sjgh Sff SOU 

■ ssmb kiis a^ias yss eoib bib-s axi. 
s?s 10. 

n 8 son giw ai, &3i a3H§s ¥01^ aom ¥01^ s^i2! ssohb ch^ ssoib 22! wis agists ehSB eoib Bis-s a 
xi. 

S^S 11. 

M 8 SOII 210IAI, itD\ BISSS BIS S£|g = 2S(J|ie^S0|0|E. BIS SBIgaiOie. BIS fflgSaiOlg, UPF 6 Si UBF4S 0l¥0| 

a 2oiiAi aeiab 22! urns S3i»a} eoib bis-s axi. 



s?s 12. 
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si 8 soil aioi/H, £Pi bmcHb sji bi2!CHb bskhiu otuaois). g£ibiy sj*. bsioiibs! ^aioie, g£ibiy dibbis b 
gaioiEiE s aion a a gAioiE, erases fieionsa ^moie, g£ibiy Has. g£i(oiig nsavaiois), saiuiyaia 

2B10IE, SBI«tAifi?SSS£ae!3 §£|b|y£l@!g¥££fO|E°l 31£|CH. S£I(0|I1 OtBHaiOIS). M£ia|E£l* = ££0||sa! 
M£|biyi££10IE. 1£|0|3H£USB. g£|b|yni£IE!. BS|£EIB. Oll°| 01*21 HE » 01*2) 3g£IDl£ Ol¥01 

a 2oiiai ^aiafe 5ei wig a?isis vmm aoib £ig-s as. 

S?S 13. 

BIB Eb BIS S32I BIS* SSSlb g^; 

« S±. Li 2 S„(n S2IS SIS* » &±-S B £| 01 ((C 2 S„ ) 

„: x=2.5~50, n 22)£ 0|¥0)£! SOIIAH <y^3b SHJ 0IS2I S 7118 SSI SSSIb gf= BS9 SI 2PI3ES ESS 131 5 
SSIb gR if 11 5^11 SBSfb S3: S! 

£1829 SSSH2 SSi 01 gRM/H BaBDKJIElSn"' . S n ' z , OPIAI n £2)U gmolElS" 2 )3J SigSIb SoH! 
S SBBfc BUlg a JI21S SB* MOIb £IS-S SXISAl, 

S3I BIB-» 3*11 BBA|, 0.1 mV/s 0I5I-2J £?H 4E0IAI AlOH^i MElDI|e£|SJ 5! BH SS BI3?} 2.4-2.0 V SgHM/ri UE1 
142. ¥ fflJH S3 HI3b 2.2-1.7 V & 001 AH UE1UD1, 5! SKH fchSJ 1113b 1 .8 V OIS OIIAH 14E1U3, S?| g S£b £!SHe«0)l 0. 
5 mM OIS SflHSHN. SUI S6H2*!(MI g6H301 2ib 8 34: gE2! [S]b 2 M 0IS2! W\E EJ\2W °J§1 SOIb £|g-» SX|. 

14. 

SI 13 SOII 9iO\M, S3I gRS ¥31 BBS, *3| SIS* S! M£IO|y&!. S£|EJ2EJ. S&iQIB. BSI1WS * 0|«2| £ESI£ OIB 
CHS 20IIAI <y§iab SJIitS S£I01S OI^OIH 20IIAH tfSjgfe M i a^JJ Eb SOI g^. Ill A, IVA^ 34. 01121 S 51 ng 

* 01*21 Bi£S 0I¥01S! SOIIAt <ye|3b 1 2 S211B HB SSSlb 22! KB SPISS 61 Ms 201b £IS-S SH. 

S?B 15. 

fll 13 SOU 910\M. S3I S5H1S Oil! StBS. A10IB&! SSI, N.0 3I S3! 2BS BEIISAtOIBB SIS*, R.OR 2 (R, » R 2 b 81 
U). blSS 3ISL1I0IS, S3 S40I 152Cf KS 10H. S fi&l §5«AI1J 4 «b blgfSHS gOHS Ol¥0ia 20IIA1 <M§!9b af 

et 44 snst Ri (co)„r 2 . r. (co) 

„ R 2 0R 3 , R, (C0 2 ) n R 2 , Ri (C0 2 ) n R 2 0R 3 , R, (CH 2 CH 

2 0)„R 2 (n S1 , R, , R 2 . R 3 b It 11. Om, ttB. S^IU. ttKA|3|)2| 215! gDH, AIOI*^ ?(SUIO|e, 15 

e soh h bib *£ismoiEU bis seioies §8Haiij 4» Sib biases gong oi^oia 5oiiai <yei3b as 4S gOH 

* assib mm a^isis sg* eoib £is-s axi. 

S?S 16. 

Jll 13 SOII 21WAI, S^l W0\± UO\U ¥014: ggOHl CH§I SSolb S2J S^ISfS Sg* 5S0lb £IB~S 

a xi. 

S?S 17. 

39 13 SOU SiOlAi. S3I £ISS8 SIS e£|M = £^(j||&^gO|0|E. BIB M£l*aiOIM. £IB fflMSSIIO|e, Li PF 6 SI UBF 4 S 0I¥ 

oia 5oiiai aaigb 521 bs a^ias sg« eoib £is-s sal 

S?S 18. 

« 13 soil aoiAi. &j\ bieiQb s:>i bieicHb Bsituiy ojAiEyois). §£ibiy art. saonnei ^aioie, bsiuiu oibsie. rt 

^aiOIElE l£IOIIi!S ^MOIE, ?U2gS9 SSI Oil US! ^AIOIE. BSIUIW Oil El S. S£l(Olli 0HE|3gSI0|e), g£|biy£ia §¥ 
££10|E S£|S|AH¥2^HSia!21 M£lbiy £ie!S¥2£10|E2| 3S£|D1. S£l(Olll OOBBIOIS). M£|E1IM£1S¥££01II?!!. 
S£lb|y'*££|OIE, g£|0131SL|Ea. g£|biyn|£|B. SSI^EI ei. 01*21 SEai, 01*21 HE * 0IM21 3M£I01£ 0|¥CH 
S 20IIAH sejgb 32! il^ SJISIS yg* eoib £IB-S an. 

ES 
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